groups in the primary efficacy end point (in-stent late loss of 0.86 ± 0.60 mm, 0.83 ± 0.57 mm, and 0.81 ± 0.68 mm for the placebo, low-dose, and high-dose group, respectively; P = not significant for all comparisons). In the prespecified subgroups of patients with a baseline proinflammatory state, patients with diabetes mellitus, and patients with high baseline monocyte count, there was a significant treatment effect.
Conclusions-Intravenous administration of LABR-312 to patients undergoing percutaneous coronary intervention is safe and effectively modulates monocyte behavior. The average late loss did not differ between the treatment and placebo groups. However, in the inflammatory patient group with baseline monocyte count higher than the median value, there was a significant reduction in late loss with LABR-312.
The intimal hyperplastic reactions to endovascular implants and their clinical consequence, restenosis, have been appreciated for years; yet critical questions still remain as to why they occur, whether they can be controlled, and why certain subpopulations of patients suffer most. Of the most important clinical questions are those that center about understanding whether restenosis is the same problem for all or a unique process in high-risk patients. This issue has profound ramifications. Inherent in considering this issue is understanding if there is one driving mechanism, one common cause, and therefore potentially one universal target to combat the disease. Alternatively, restenosis, like many clinical syndromes, may represent a spectrum of responses to injury that involve a number of pathobiologic events that dominate to different degrees in different patients. 1 If this is the case, then specific therapies might be designed for specific patients; and no one therapy should suffice for every person.
We now report on a clinical trial that examines whether a biologic identifier can delineate patient populations at risk, and response to therapy.
Much like native atherosclerosis, restenosis is deeply rooted within inflammation. [2] [3] [4] [5] [6] Experimental and human studies indicate overactivation of circulating monocytes after vascular injury, which contributes to neointimal hyperplasia. 7, 8 LABR-312 (BIOrest, Northern Industrial Park, Yavneh, Israel) is a unique intravenous formulation designed to reduce restenosis ( Figure 1 ) via site-specific anti-inflammatory and antiproliferative activity. The mechanism of action of LABR 312 has been studied extensively and described elsewhere. [9] [10] [11] Briefly, transient modulation of circulating monocytes for several days follows a single systemic injection (Figure 2, A) , permanently reducing monocyte accumulation at vascular injury sites and around stent struts, attenuating downstream signaling, and sustaining a decreased neoin-timal hyperplasia. [9] [10] [11] [12] [13] [14] [15] The unique monocytetargeting mechanism of action completely spares endothelial cells, allowing normal healing and standard dual-anti-platelet therapy (Figure 2, B) .
The BLAST trial examined the safety and efficacy of a single intravenous bolus of LABR-312 in modulating monocyte function in a controlled and transient fashion. Subsequent angiographic late lumen loss at 6 months was assessed in patients treated for de novo stenotic native coronary atherosclerotic lesions with bare metal stent (BMS) implantation. Patient response was also examined in light of differential inflammatory states as evidenced by circulating monocyte levels, diabetes mellitus (DM), and acute coronary syndromes (ACS).
The aim was to examine if dichotomization on the basis of mechanism of action rather than patient demographics or lesion characteristics would correlate with treatment effect and offer a specific means of codifying patients and tailoring therapy for personalized medicine. Specifically, we examined if inflammation could be used as a unique restenosis risk identifier, clinical differentiator, and marker of response to disease modulation.
Methods

Study design and population
BLAST is a Phase II dose-finding, randomized, placebo-controlled, multicenter, prospective, double-blind clinical study conducted at 12 medical centers in Israel. The study protocol was approved by the ethics committee at each participating center and was conducted according to the principles of the Declaration of Helsinki. All patients provided written, informed consent for participation in this trial.
Participants enrolled had symptomatic ischemic heart disease from de novo coronary artery lesions with stable or unstable angina pectoris and baseline cardiac troponin of up to 3 times the upper limit of normal. Two or fewer lesions in 1 or 2 coronary arteries were treated with reference vessel diameter(s) 2.5 to 3.5 mm and lesion length(s) ≤30 mm. Standard inclusion/ exclusion criteria were used (see protocol). Clinically complex patients were specifically recruited to enrich the trial population with DM and unstable coronary syndromes. Patients were randomized 1:1:1 to receive low-dose LABR-312 (0.001 mg), high-dose LABR-312 (0.01 mg), or placebo (isotonic sodium chloride solution) (Figure 3 ).
Active drug and placebo were supplied to the participating centers in identical, unmarked (except for serial number) vials. The concentration of the low dose was adjusted such that each vial contained identical volume. The absence of any other identifying features ensured that the centers were completely blinded as to which vial contained which treatment (or placebo). Neither the clinical sites nor the sponsor of the study held the master table that identified the contents of each vial. The master table was held at the central data management facility. Vials were supplied to the sites in groups of 6. Each group contained 2 high-dose, 2 low-dose, and 2 placebo vials. When a patient was recruited, the site would arbitrarily choose 1 of the 6 vials to open, thus ensuring randomization and balancing on a per-site basis. When all 6 vials had been used, another packet of 6 would be supplied to the site.
Stenting procedure and drug administration
To reduce variability, all patients received the Presillion baremetal stent (Medinol, Tel Aviv, Israel). Percutaneous coronary intervention (PCI), stenting, and adjunctive pharmacotherapy were performed according to individual site standard of care. Balloon predilatation was mandatory. Vascular closure devices were not allowed. Protocol-mandated dual-antiplatelet therapy was for at least 1 month postprocedure.
Randomization occurred during the procedure (after verification of angiographic inclusion/ exclusion criteria and before any intervention). Drug was administered intravenously over 2 hours through a peripheral catheter within 30 minutes of predilatation.
Patient follow-up and data management
Patients were monitored in-hospital for at least 24 hours postprocedure. Clinical follow-up was at 30 days, 6 months, and yearly for 5 years (ongoing). Angiographic follow-up was mandated for all patients at 6 months. The first 110 patients (representing 50% of the cohort) recruited at sites where intravascular ultrasonography (IVUS) was available also underwent IVUS at follow-up postprocedure and at 6 months. All bloods for the monocyte-level analyses were analyzed centrally by a Fluorescence-activated cell sorting core laboratory.
There was 100% clinical monitoring by an independent monitoring group. All serious adverse events and all events considered by the investigators as at least possibly related to the study drug were adjudicated by a blinded, independent clinical events committee. An independent data and safety monitoring board met frequently and had access to all study data (blinded or unblinded upon request). All data were sent for analysis to independent consulting biostatisticians. Independent core laboratories analyzed all angiograms, IVUSs, and electrocardiograms.
Study end points
The primary efficacy end point was mean in-stent late loss, defined as the difference in minimal lumen diameter (MLD) between postprocedure and 6-month follow-up, measured by quantitative coronary angiography, on a per-patient basis for the per-protocol patient set. Secondary end points included major adverse cardiac events (MACE), target lesion(s) revascularization (TRL), and various angiographic and IVUS measures (see protocol).
Prespecified subgroup analysis
Subgroup analysis investigated the consistency in treatment effect. All subgroups were prespecified in the study's Statistical Analysis Plan (SAP). Aside from accepted generalized demographics and lesion characteristics, patients were divided on the basis of mechanistic determinants of underlying pathophysiology or drug effect. Mechanistic delineation into subgroups included DM, ACS, and inflammatory state as determined by baseline monocyte count.
Statistical analysis
All statistical tests (SAS Version 8.2; SAS, Cary, NC) and CIs were performed at P = .05 (2-sided) except as otherwise specified. Treatment group comparability was evaluated with respect to all clinically relevant demographic and baseline disease characteristics. Continuous variables were analyzed by one-way analysis of variance. Categorical variables were tested using Pearson χ 2 test for contingency tables. Unless otherwise stated, all values reported are mean ± SD.
For the primary end point analysis, the pairwise comparison of each of the dose groups versus placebo was made at the α = .05 (2-sided) significance level. No adjustments were performed for the multiple comparisons given the exploratory nature of this study. Two independent-sample t tests were used for the main comparison.
Subgroup analyses were carried out to investigate the consistency in treatment effects on the primary end point between preselected variables. Two-way analysis of variance with interaction was used to detect differences in treatment effects between subgroups. The model included treatment, subgroup variables, and "treatment-by-subgroup variable" interactions as factors. For each treatment group, post hoc goodness-of-fit tests of the late loss distribution to the normal distribution were carried out using the Anderson-Darling statistic. 16 A fund from BIOrest Ltd was used to support this clinical trial.
The authors of this manuscript are solely responsible for the design and conduct of this study, all study analyses, the drafting and editing of the paper, and its final contents.
Results
Patients and enrollment, safety, angiographic follow-up data, and restenosis
Between September 2008 and December 2009, 225 patients were enrolled at 12 sites (see online Appendix A). There were no statistically significant differences in patient demographics and in lesion or procedural characteristics (Tables I and II) between the 3 groups (except as noted for age). Angiographic follow-up data were available for 59 (80%) patients treated with high-dose LABR-312, 56 (73%) in the low-dose LABR-312 group, and 57 (77%) in the placebo group (P = not significant [NS]). Median follow-up time for the primary end point was 182 days.
There were no statistically significant differences in safety between either drug treatment group or the placebo, and no specific safety concerns associated with the study drug at either dose (Table III) . Because of the recruitment emphasis on complex patients, the trial population was enriched for DM and ACS, accounting for the relatively high total MACE values in all groups. There were no effect on neutrophil or platelet count and no differences seen in acute, subacute, or chronic liver function test results.
There were no statistically significant differences in primary efficacy between the 3 groups in any one of the commonly measured parameters based on average values (Table IV) . Instent late loss (the primary end point) was generally low compared with historical BMS values, yet not different between the treatment groups and placebo (0.86 ± 0.60 mm, 0.83 ± 0.57 mm, and 0.81 ± 0.68 mm for placebo, low-dose, and high-dose group, respectively; P = NS).
The distribution curves for the primary end point differed significantly. The distribution for the placebo group is symmetric and follows the expectation for a normal (Gaussian) distribution (P > .2). In contrast, both treatment groups exhibit nonnormal distributions that are skewed to the left with a rightward tail, and peaks that fall well to the left of the comparator placebo peak. Both treatment distributions fail the mathematical test for normality (P < .005).
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Analysis of the primary end point in prespecified subgroups
In the prespecified subgroup analysis, demographic parameters, lesion characteristics, and ACS did not distinguish treatment effect. For all of these variables, there were no statistically significant differences or any appreciable trends observed between the treatment and placebo groups on the primary end point. In contrast, DM patients showed a large numerical improvement (Table V) ; and inflammation was a specific marker of statistically significant effect with LABR-312 (Table V) . In the placebo group, the DM patients had appreciably larger late loss values than nondiabetic persons as expected (1.05 ± 0.60 mm vs 0.74 ± 0.58 mm, DM vs non-DM, respectively). This 42% increase was erased in the lowdose (0.86 ± 0.56 mm vs 0.82 ± 0.58 mm) and in the high-dose groups (0.77 ± 0.62 mm vs 0.82 ± 0.71 mm, DM vs non-DM, respectively), resulting in a nearly 30% reduction in late loss in the DM group for high dose relative to placebo (P = .16).To investigate whether baseline inflammatory function had an effect on the response to LABR-312, the following pre hoc analysis was performed: The entire cohort was divided evenly into 2 subgroups based on their baseline monocyte count (median count = 539.5/μL). Patients whose monocyte count was higher than the median (n = 82) were termed the high-monocyte (presumably more inflammatory) group, whereas patients whose monocyte count was lower than the median (n = 83) were termed the low-monocyte (presumably less inflammatory) group. There were 32% and 37% diabetic patients in the low-and high-monocyte groups, respectively (34% overall in the study). No interaction was detected between diabetes status and monocyte count. In the high-monocyte patients, there was a statistically significant reduction in late loss of >30% in the high-dose group (Table V) relative to placebo.
Discussion
From the first recognition of the long-term effects of percutaneous vascular interventions, the question has been raised as to how to consider patients with clinical restenosis. [17] [18] [19] It was then and remains even now not clear as to whether all patients suffer from restenosis or if some patients are at greater risk and others relatively immune. We do not know if all patients are sensitive to therapy or if some are more sensitive and others more resistantwhether there is one drug for all or specific drugs for specific patients. The BLAST trial investigated some of these questions. In particular, we sought to determine if transient modulation of a specific cellular target, inflammatory monocytes, could elicit a permanent effect on vascular response to injury.
Why should inflammation dichotomize patients more effectively than other pre hoc differentiators? Unlike clinical risk factors, inflammation is a biological event with mechanistic undertones and is central to all processes that follow. Inflammation, and in particular the monocytic component, is directly correlative of vascular injury in controlled animal models. Monocyte infiltration directly drives thrombosis, vascular smooth muscle cell proliferation, and matrix remodeling. And yet, past attempts at modulating inflammation have not successfully limited restenosis. Local delivery of anti-inflammatory agents has had minimal effects, as inflammation, even when locally active, is replenished from systemic circulating cells. Systemic infusions often lack local specificity. Most notably, the IMPRESS study, which used systemically administered corticosteroids, only showed a modest effect in a small, highly proinflammatory subpopulation. 17, 18 In contrast to the nonspecific effects of corticosteroids, LABR-312 has the potential to selectively alter the local inflammatory reaction to endovascular stent implants through systemic targeting of monocytes/ macrophages. 11-15, 19, 20 Systemic inhibition of monocytes with LABR-312 was sought to prevent accumulation of these cells at sites of injury like stent struts and resolve after a week. The specificity to monocytes preserves endothelial cells and normal healing, minimizing adverse effects.
For all these reasons, we hypothesized that systemic delivery of LABR-312 in patients undergoing BMS implantation will attenuate restenosis.
We show that the clinical efficacy of systemic LABR-312 was observed only in patient population segments but not the entire cohort studied. On average, the late lumen loss values did not differ between the treatment groups and the placebo group. The response to modulation of inflammation was effective only in those patients deemed inflammatory and identified as such pre hoc. In the inflammatory patient group, there was a statistically significant and clinically meaningful reduction in late loss with LABR-312.
The late loss distributions might be more informative than the average values. These distribution curves clearly show important differences between the 3 dose groups. That the distribution curve for the placebo group was normal (Gaussian), whereas the ones for both treatment groups were clearly not, provides support for the notion of a treatment effect of the drug, despite the mean values being nearly identical. The asymmetric appearance of the treatment-group distributions would seem to indicate that there was a differential response to this therapy among patients. Although some evidence exists to support an outright bimodal distribution in the treatment groups, it is impossible to conclude based on the current data set whether patients could be separated into "responders" and "nonresponders" or whether there was a continuous spectrum of effect.
The segmentation of patients on the basis of DM is intriguing in 2 respects-the DM patients in the treatment group did considerably better than the DM in the placebo group, and treated DM patients did no worse than treated non-DM patients. Despite the numerical differences, these effects did not reach statistical significance, likely as this study was not powered for the number of diabetic patients. Future studies may very well investigate this specific question. Statistical significance was achieved in the so-called high-monocytes or inflammatory group that included 50% of the patients per definition. The importance of this finding is amplified by the fact that, even in the high-monocytes subgroup, monocyte levels were within normal limits as set by the individual hospital laboratories. And yet, a large (30%), clinically meaningful, and statistically significant effect of the drug was shown in this group, indicating that this anti-inflammatory drug indeed works best in proinflammatory patients. [21] [22] [23] Conclusions Systemic administration of LABR-312 to patients undergoing PCI is safe and effectively modulates monocyte behavior. However, it did not reduce the average late loss compared with placebo in the entire study cohort. In the inflammatory patient subgroup, there was a significant reduction in late loss with LABR-312. We have shown that populations that are homogeneous in clinical presentation may not be homogeneous in treatment response and that mechanistic rather than clinical characteristics might be important determinant of response to therapy.
In the BLAST trial, inflammation was best at identifying patients at risk for disease and sensitivity to therapy. Proof that one could specify which patients are most at risk for disease and most amenable to a specific therapy may provide the potential for personalized medicine -selecting specific drugs for specific patients. Future clinical trials should focus on these issues in an attempt to more precisely describe just who might benefit from this type of therapy. Trial profile. No reliable data are available regarding screening. Data are mean ± SD. * Monocyte count less than the median preprocedure. † Monocyte count higher than the median preprocedure.
